Abstract. -The rapid growth of digital video broadcasting by terrestrial transmission (DVB-T) 
I. INTRODUCTION
A new era in television broadcasting has dawned with the introduction of DVB (Digital Video Broadcasting) standard. Whether via satellite (DVB-S), cable (DVB-C) or by terrestrial transmission (DVB-T) to existing antennas, DVB is revolutionizing television transmission. It represents a considerable technological opportunity that allows television broadcasters to provide services meeting the expectations of more and more demanding and advanced users, such as the ones of the twenty-first century.
With special regard to DVB-T, many advantages of digital television over analog one can be enlisted: (i) more than one program in the same occupied radiofrequency bandwidth (typically four or more), (ii) lower radiofrequency (RF) power required to cover the same distance (i.e. greater immunity to noise and disturbances), (iii) better picture quality, (iv) possibility of building single-frequency networks (SFN's), (v) mobile reception, completely precluded in analog systems, and (vi) availability of interactive MHP (Multimedia Home Platform) applications [1] .
A new set of measurements for assessing the performance of DVB-T systems and apparatuses is also required [2] . Due to the composite modulation technique adopted (COFDM, Coded Orthogonal Frequency Division Multiplexing), a completely new measurement challenge is issued for RF signal integrity and physical layer analysis. COFDM provides for high-density, multi-carrier scheme, which allows the construction of large single-frequency networks and helps to mitigate multipath problems in crowded environment. Digital data is, in fact, conveyed on 2k (2048) or 8k (8192) carriers within the 8 MHz bandwidth of a traditional analogue channel.
As clearly highlighted in [2] , power measurements play a very important role. RF and IF (intermediate frequency) signal power, RF channel power, RF and IF power spectrum, are relevant parameters to be measured as accurately as possible. To this aim, RF power meters equipped with proper sensors and high-performance spectrum analyzers are available on the market. The formers are specifically mandated to peak and average power measurements, while the use of the latters is mandatory whenever the integration of input signal power spectrum on a certain frequency range (for example, in channel power measurement) is involved [3] . Spectrum analyzers, however, suffer from low accuracy and repeatability problems, the entity of which depends on the specific type of power measurement. This is mainly due to the high PAR (peak-to-average power ratio), and consequently high crest factor, characterizing COFDM signals. Peak power can be much greater than average one, thus making the signal exhibit rapid changes in time domain (white noise-like nature) that can disturb the proper operation of the cited instruments [4] . Measurement strategies suggested to overcome these problems assure negligible advantages if compared to the long time their application require [5] .
One of the authors proposed in [6] a new method for power measurement in digital wireless communications, expressly tailored to spread spectrum systems. The method mainly aimed at: (i) simultaneously and automatically carrying out all the aforementioned measurements, (ii) overcoming the limits of high-performance spectrum analyzers, thus providing much more reliable and repeatable results, and (iii) granting as good measuring accuracy as that guaranteed by the latest generation of power meters. After down-converting and digitizing the input RF signal, the method first estimates its true power spectrum using well-known digital signal-processing solutions, such as weighted overlapped segment averaging (WOSA) [7] and multitaper [8] , [9] estimators and, then, evaluates the quantities of interest through very straightforward measurement algorithms.
The paper aims at optimizing the aforementioned method to make it operate with success also in DVB-T systems. Simulation and emulation stages are properly designed in order to regulate the most relevant parameters of the method according to the specific features of signals involved; signal conditions very close to real ones are, in particular, induced. A number of experiments on actual DVB-T signals are also conducted with the aim of comparing the performance of the optimized method to that granted by competitive measurement solutions.
II. MEASUREMENT METHOD
A block diagram of the measurement method is given in Fig. 1 . Depending on the selected power measurement and available acquisition hardware, preliminary down-conversion of incoming DVB-T signal may be advisable. The signal is then digitized, and the acquired samples processed in order to estimate its PSD (power spectral density). Proper measurement algorithms operating on the achieved PSD finally provide the desired values of channel and signal power [6] .
Concerning PSD estimation, two major algorithms have been taken into account. The first is based on the Welch method of averaged periodograms, also known as WOSA estimator, while the second applies wavelet threshold techniques to the logarithm of the multitaper estimator. For a better comprehension of the optimization stage described in Section III, key details on both of them are given in the following.
A. WOSA Estimator
The WOSA estimator is based on the division of the acquired signal, x(n), into smaller units, called segments [7] , which may overlap or be disjoint. The samples in a segment are properly weighted through a window function in order to reduce undesirable effects related to spectral leakage. For each segment, a periodogram estimate is calculated:
where the variable f stands for frequency, x i (n) consists of the samples of the i th segment, ω(n) accounts for the window coefficients, N s denotes the number of samples in a segment, U is a coefficient, given by
and used to remove the window effect from the total signal power, and T s denotes the sampling period. The PSD estimate is then computed by averaging all K periodogram estimates, where K represents the number of segments as
, N the total number of acquired samples, and N p the number of overlapped samples between two successive segments. In particular, the overlap ratio, r, is defined as the percentage ratio of the number of overlapped samples to the number of samples in a segment. Periodogram estimates can easily be evaluated over a grid of equally spaced frequencies by using a standard Fast Fourier transform (FFT) algorithm [6] , [7] . It is worth highlighting that the proper operation of WOSA estimator mainly depends on the choice of two parameters: window function ω(⋅) and overlap ratio r.
B. Multitaper estimator
The idea behind the multitaper approach is to calculate a certain number, H, of PSD estimates, each with a different window function, also called data taper and applied to the whole acquired signal, and then to average them together [13] . If all data tapers are pair-wise orthogonal, the resulting multitaper estimator can exhibit good performance, in terms of reduced bias and variance, particularly for spectra with high dynamic range and/or rapid variations. The multitaper estimator takes the form
where the terms S i x (f) called eigenspectra are given by
i.e. the logarithm of the multitaper estimator, plus a known constant (ψ(·) is the digamma function), can be written as the true log spectrum S(f) plus approximately Gaussian noise with zero mean value and known variance, ϕ(·) [8] , [9] . This condition makes wavelet threshold techniques particularly suitable to remove noise and, thus, produce a smooth estimate of the logarithm of the PSD. Specifically, after evaluating the discrete wavelet transform (DWT) of Y(f), the resulting wavelet coefficients, which are also Gaussian distributed, can be subjected to a threshold procedure, and the aforementioned smooth estimate can then be attained by applying the inverse DWT to the threshold coefficients [8] . Also in this case, two parameters, the number H of data tapers for attaining S x (f) and the mother wavelet ζ(⋅) for DWT and inverse DWT evaluation, have to be properly chosen in order to gain an accurate spectral estimate.
C. Measurement algorithms
Once the PSD of the analyzed signal has been estimated, each measurement can be carried out by means of very straightforward algorithms [6] .
• With regard to the channel power, the frequency interval, centered at the tune frequency of the monitored channel and whose extent is as wide as the channel spacing of the specific system, is first established. Then, the desired power is obtained by integrating the PSD over the aforementioned frequency interval.
• Referring to the signal power (total power), the whole frequency span analyzed, from zero up to the half of the adopted sample rate f s , is considered for the integration of the PSD.
III. MEASUREMENT METHOD OPTIMIZATION
To optimally choose the window function ω(⋅) and overlap ratio r for the WOSA estimator and the number H of data tapers and mother wavelet ζ(⋅) for the multitaper estimator, according to the specific features of DVB-T signals, two different and sequential stages (simulation and emulation stages) have been designed. For each parameter, the same values considered in [6] have been taken into account. Details on both stages are given in the following.
A. Simulation stage
Numerical tests have been carried out, in Matlab 7 TM environment, with the aim of minimizing the following figures of merit: a) experimental standard deviation characterizing both total (σ T ) and channel (σ C ) power measurement results; b) difference between the mean value both of total (∆ T ) and channel (∆ C ) power measures provided by the method and imposed one, considered as reference. Reference signals have first been generated. Accurate time-domain realizations of a zero mean Gaussian process with known PSD have, in particular, been produced. To this aim, the analytical expression given in [1] , related to the PSD of a DVB-T signal, has been applied, and the approximate method in frequency-domain presented in [10] has been adopted. Moreover, the following DVB-T transmission settings have been imposed: 32-QAM modulation scheme, 8k mode, 1/4 (224 µs) and 1/32 (28 µs) guard intervals. For each transmission setting, 50 different realizations (test signals) have been considered. Reference values have been gained through the application of the measurement algorithms described in Section II to the imposed PSD.
For the sake of brevity, only some results are given in Tab. I and Tab. II. They refer to tests conducted in the hypothesis the related DVB-T signals have been acquired with 8 bit vertical resolution, record length covering one DVB-T symbol, and different values of the over-sampling factor (number of samples in each signal cycle). Each pair of round brackets in Tab. I and Tab. II includes respectively the ζ(⋅)-H and ω(⋅)-r couple that minimizes the related figure of merit, the percentage relative value of which is given in the same cell. Moreover, the last row of both tables gives the mean measurement time experienced with a common Pentium IV personal computer.
From the analysis of all obtained results, the following considerations can be drawn.
• The two PSD estimation choices assure good and comparable metrological performance (high repeatability and negligible bias).
• No metrological performance enhancement seems to be achieved upon the over-sampling factor's increasing.
• As expected, repeatability improves if larger guard intervals are involved.
• None of the considered ζ(⋅)-H or ω(⋅)-r couples proves optimal in all transmission settings considered.
• Measurement time in the presence of the multitaper estimator is much longer than that required when WOSA estimator is applied.
• The use of WOSA estimator shows the better trade-off between metrological performance and measurement time. Only the WOSA estimator has thus been considered in the successive stage.
B. Emulation stage
The second stage has taken also into account different operative conditions of the adopted data acquisition system (DAS), in terms of vertical resolution, acquired record length, and sample rate, f s . In particular, the figures of merit described in a) have been minimized, and the concurrence of measurement results with those provided by high-performance instruments has been checked.
A suitable measurement station has been set-up, roughly sketched in Fig.2 probe operating in 50MHz-18GHz frequency range. All instruments have been connected to the PC through an IEEE-488 bus. The function generator has provided 8MHz bandwidth, DVB-T test signals, characterized by a carrier frequency equal to 810MHz and a nominal total power of 0dBm. Moreover, the same transmission settings considered in the previous stage have been imposed.
Preliminary characterization of cables and connectors utilized in the measurement station has been carried out through the vector network analyzer ANRITSU 37347C TM , 40MHz-20GHz input range, equipped with 3650 SMA TM 3.5mm calibration kit [11] . Mean value and experimental standard deviation of 100 attenuation measures in the interval 806-814MHz are given in Tab. III.
As an example, Fig.3a and Fig.3b show the power spectrum of a typical emulated DVB-T signal estimated by the proposed method and spectrum analyzer, respectively. All obtained results are summarized in Tab IV, which contain the mean value and experimental standard deviation related both to total (P T , σ T ) and channel (P C , σ C ) power measures furnished by the method when applied to 50 different acquired records in the same transmission setting. Moreover, the mean value and experimental standard deviation characterizing 50 total (P PM , σ PM ) and channel (P SA , σ SA ) power measures provided respectively by the RF power meter and spectrum analyzer are also given. The following considerations come out.
• RF power meter outcomes concur with total power measurement results of the proposed method, in each DVB-T transmission setting and in each operative condition of the DAS; a confidence level equal to 99% has been considered [12] .
• Also spectrum analyzer outcomes concur with channel power measurement results of the proposed method, in each DVB-T transmission setting, in each operative condition of the DAS, and with the same confidence level [13] .
• The proposed method exhibits satisfying repeatability.
The related experimental standard deviation is as good as that characterizing RF power meter results and less than that peculiar to spectrum analyzer outcomes.
• As in the previous stage, over-sampling does not seem to affect the method's metrological performance; the same is true if vertical resolution is considered.
• Performance enhancement can be noticed both in the presence of acquired records covering longer and longer observation periods and upon the guard interval's increasing.
• The use of ollila window [6] and an overlap ratio equal to 60% grants, on average, the best repeatability in each DVB-T transmission setting and in each operative condition of the DAS.
IV. EXPERIMENTS
A number of experiments on real DVB-T signals have been carried out through the optimized method. The signals have been radiated by two MEDIASET DVB-T multiplexers, operating respectively on UHF 38 (610 MHz carrier frequency) and UHF 55 (746 MHz carrier frequency) channel.
The adopted measurement station is sketched in Fig 4 ; with respect to that used in the emulation stage, the function generator has been replaced by a suitable amplified antenna, and a power splitter has been added. Cables, connectors, and power splitter have been characterized through the aforementioned vector network analyzer. Mean value and experimental standard deviation of 100 attenuation measures in the UHF 38 and UHF 55 channels are given in Tab.V.
As an example, Fig.5a and Fig.5b show the power spectrum of a DVB-T signal, radiated by the MEDIASET multiplexer operating on UHF 55, estimated by the proposed method and spectrum analyzer, respectively. Some results are given in Tab. VI; good agreement can be appreciated.
V. CONCLUSION
Power measurement in DVB-T systems has been dealt with. An optimization stage, properly designed by the authors, has made a digital signal-processing method, originally addressed to spread spectrum signals, capable of overcoming low accuracy and repeatability problems currently available instruments suffer from in the presence of DVB-T signals.
Results of a number of tests conducted on simulated and emulated signals have shown the good performance of the method. Negligible bias and reduced processing time have been experienced in the simulation stage, where a reference PSD has been imposed. Experimental standard deviation (as good as 1%) comparable to that granted by an RF power meter and better than that characterizing a high-performance spectrum analyzer has been observed in the emulation stage. Good agreement between the results provided by the method and those furnished by a spectrum analyzer in channel power measurements conducted on real DVB-T signals has confirmed the efficacy of the proposal.
On-going research activity is mainly oriented to the realization of a DVB-T power meter, based on a digital signal processor and implementing the proposed method. 
